Objective: Thailand is experiencing a substantial reduction in overall mortality, an ageing society and increasing prevalence of non-communicable diseases. There is an urgent need to understand locally important risk factors for this new disease burden and their distribution. We investigated risk factors for mortality in a large cohort of Thai adults and report on key trends.
Introduction
Over the last 4 decades, Thailand has experienced large reductions in overall mortality. Better nutrition, sanitation and health services, particularly primary health care, have significantly reduced the burden of infectious disease and maternal and child deaths. More recently with economic development, an ageing society and changing lifestyles, Thailand is facing a transition in disease patterns and causes of death. Non-communicable diseases including diabetes, stroke, ischaemic heart disease, liver and lung cancer are now leading causes of death. To inform health policy and health resource allocation in such a transitional context it is important to understand the locally relevant risk factors associated with premature mortality. The need for empirical, local, timely data on these risks is important; national health policy will be best informed by locally relevant data (Mahapatra et al., 2007) as particular patterns of lifestyle and environmental factors will vary by setting.
There is little information on risk factors and their interactions contributing to all-cause mortality in Thailand today. Studies which have addressed all-cause mortality in Thailand have in general focused on a single cluster of risk factors. Thus information is available on environmental (Angkurawaranon, Wattanatchariya, Doyle, & Nitsch, Health Organization defines the leading global risks for mortality as high blood pressure, tobacco use, high blood glucose, insufficient physical activity and overweight (World Health Organization, 2009) . Other large regional meta-analyses and systematic reviews have also identified excess BMI, low fitness, and healthy diets as important for mortality (Barry et al., 2014; Flegal, Kit, Orpana, & Graubard, 2013; Knoops et al., 2004; Reedy et al., 2014) . Large studies in the Asia-Pacific region reported a particularly protective effect of higher education on mortality compared to higher income settings (Woodward et al., 2015) .
In now high income countries the prevalence of these common risk factors for non-communicable disease has decreased, while these same risk factors persist in low and middle income countries. In Southeast Asia, increases in high blood pressure and serum cholesterol and excess BMI have been particular concerns (Danaei et al., n.d.; Danaei et al., 2011; Farzadfar et al., 2011; . The various configurations of interacting risk factors in specific settings, mediated by cultural, environmental and economic factors, lead to diverse risk and disease patterns (Ezzati & Riboli, 2013) . For example smoking rates vary widely within the Asian region with 76% of Indonesian men being current smokers, whereas in Thailand the proportion is only 41%, and India only 20% (World Health Organization, 2015) . However other forms of tobacco consumption may be more prevalent in settings with lower smoking rates. Alcohol consumption and diet also show great diversity across settings. The need to understand the varying importance of established risk factors for mortality in particular settings is important for informing locally relevant health policy.
Here we present analyses of the effect of a large number of risk factors on all-cause mortality in transitional Thailand. We consider 3 main risk factor domains: socio-demographic factors; health risk behaviours (including smoking and drinking); and health status indicators (prevalent health conditions at baseline).
Methods

Study Population and Data
Data used in the analyses presented here derive from a long running longitudinal study of changing health risks and health outcomes in transitional Thailand; the Thai Cohort Study (Sleigh, Seubsman, Bain, & Team, 2008) . Participants in the study are adult distance-learning students, residing all over Thailand who were enrolled at Sukhothai Thammathirat Open University (STOU) at baseline. In 2005 a comprehensive 20-page mail-out health questionnaire was sent to all students of the university (n=200 000) and 87 151 responded forming the cohort. The baseline questionnaire (Appendix 1) covered a wide range of topics including socio-demographic information, standardised health status indicators (Short Form 8 and Kessler), health risk behaviours including smoking, drinking, physical activity, diet, social capital and injury and history of doctor diagnosed disease (23 conditions including diabetes, high cholesterol, hypertension, ischemic heart disease, stroke and kidney disease).
Cohort participants represented the student body of STOU and the general Thai population well for median age, sex, ethnicity, religion, modest income and geographic distribution (S.-a. Seubsman et al., 2011; S. Seubsman, Yiengprugsawan, & Sleigh, 2012) . Cohort members however are more highly educated than the general population with almost all participants having completed high school. This education attribute was important for achieving high participation and reporting accuracy of sophisticated information about their background, circumstances and health. A table comparing the cohort to the STOU student body and the general population is found in Appendix 2.
When joining the TCS all participants were asked to provide their Citizen Identification number (CID), a unique 13-digit identification used across all interactions with government. The list of CIDs for all cohort members is periodically checked against death records kept by the Thai Ministry of Interior to enable us to identify deceased cohort members and their date of death. The cause of death is then provided by the Ministry of Public Health according to the standard International Classification of Diseases (ICD 10) system. In the analyses presented here we consider deaths reported by the Ministry of Interior occurring between March 2005 and December 2016 (n=1402). We note that the vital statistics kept by Thailand over the period of our study have been assessed for accuracy and completeness and found to capture 95% or more of deaths (Prasartkul & Vapattanawong, 2006) .
Data Processing and Analysis
Incoming questionnaires in 2005 were scanned and digitised using Scandevet intelligent character recognition software. Further data verification, correction and editing were completed using MySQL software. For epidemiological analysis we used SPSS (version 20).
The prime variable of interest is whether the cohort member died anytime between March 2005 and December 2016. We described the distribution of deaths by personal characteristics of the cohort member: age (5 categories), sex, life course residence (whether an urban or rural resident at 10 years of age and in 2005), region of residence, marital status, education level and monthly income (5 categories, in Thai baht, USD1=25 baht in 2005).
We then used logistic regression models to test associations of mortality with putative exposures from the 2005 baseline questionnaire. These included socio-demographic indicators --age, sex, residence, income, education and marital status (single, partnered or married). Health-risk behaviours considered included smoking (ever smoking and number of cigarettes per day), alcohol consumption (whether occasional, regular, previous or never drinker and the number of drinks per day), diet (frequency of consumption of various food types and daily serves of fruits and vegetables), and physical activity (number of weekly sessions of strenuous, moderate, mild and housework exercise). Health status indicators comprised lifetime disease history, injury history (number of injuries in the last 12 months), body mass index category (calculated from self-reported height and weight), and self-rated health. We tested all of these variables for their associations with deceased status of participants and developed a final analytical model, mutually adjusted for all significant covariates and reported adjusted odds ratios (AOR) and 95% confidence intervals.
Ethical Approval
Informed written consent was obtained from all participants who were advised that they could withdraw or not participate in the study with no effect on their academic progress. Ethics approval was obtained from Sukhothai Thammathirat Open University Research and Development Institute (protocol 0522/10) and the Australian National University Human Research Ethics Committee (protocols 2004/344 and 2009/570).
Results
Over the period from March 2005 to November 2016 a total of 1402 members of the Thai Cohort Study died. Table  1 reports the distribution of these deaths among socio-economic and demographic groups. There was an excess of males among the dead group (69.8% vs 44.9% in overall cohort). Also more likely to be in the dead group were rural dwellers, particularly those who had moved to rural areas since their childhood, those from the North and Northeast regions, older cohort members (particularly those aged over 40 years), those earning less than 3000 or more than 10 000 baht per month and those currently married in 2005. To further examine predictors of all-cause mortality we then constructed multivariable logistic regression models for socio-economic/demographic factors, health behaviour variables and a variety of health status measures. Table 2 shows multivariable odds ratios for participants dying within the observation period, by a variety of socio-economic factors. In initial unadjusted models females were almost three times less likely to be in the dead group as males, as were those with university degrees compared with junior high school as their highest education level. Those single or living with a partner were also less likely to be in the deceased group than married participants. In model 1 we then adjusted for the effects of age and sex as these had the strongest relationship with mortality risk. These adjustments actually changed the direction of the mortality risk of high income. A statistically significant monotonic dose response protective effect of income is now observed with the highest income group having the lowest odds of dying (AOR 0.39, CI 0.29-0.52). Higher education remains protective though the size of the effect has reduced for university degree holders from OR 0.38 to AOR 0.58 ). The effect of single marital status also changed direction after these adjustments with married status now being protective. Finally model 2 was constructed adjusting for the whole range of covariates which had significant associations with mortality risk. Model 2 made little difference to the Odds Ratios calculated in Model 1 indicating no further residual confounding. 
Socio-Demographic Factors
Health Behaviours
The strongest associations found in our study between health behaviours and mortality were for heavy smoking (Table 3) . After adjusting for confounders those who had ever smoked were one and a half times more likely to die than never smokers. Using light smokers (1 or less cigarettes per day) as the reference group, those who smoke more than 5 cigarettes per day experienced twice the mortality risk (AOR 2.37, CI 1.67-3.38) and heavy smokers (>= 30 cigarettes per day) six times the risk (AOR 6.07, CI 3.58-10.30). In our initial unadjusted model being a regular or ex-alcohol drinker was associated with mortality risk when compared with occasional social drinkers, and the risk increased with additional daily alcohol consumption. Never drinkers had lower odds of mortality (OR 0.80, CI 0.69-0.92). In the fully adjusted model regular (AOR 1.37, CI 1.12-1.68) and ex-drinkers (AOR1.44, CI 1.22-1.70) still had significantly increased risks of mortality. The protective effect of being a never drinker though had disappeared. Other health risk behaviours were examined including physical activity and dietary factors but none of these were found to have an association with risk of death (data not shown). Table 4 reveals an increased risk of death for those who self-reported their overall health as anything except excellent. In the fully adjusted model though, this relationship was only statistically significant for those reporting "poor" overall health (AOR 1.96, CI 1.01-3.82). Using the obese category as a reference, in initial estimates a protective effect was found for all other body mass index categories. After adjusting for confounders however only those in the normal weight category had lower odds for mortality (AOR 0.71, CI 0.52-0.96), compared to those overweight, obese or underweight. Being a prevalent case at baseline (2005) of diabetes, hypertension, high cholesterol, ischaemic heart disease, stroke or liver disease associated positively with mortality in our unadjusted model. In the final (adjusted) model previous diagnoses of diabetes (AOR 2.46 for type I and AOR 2.14 for type II) high blood pressure (AOR 1.32), liver (AOR 1.37) and kidney (AOR 1.42) disease had statistically significant associations with mortality. Having experienced injury in the 12 months preceding the baseline survey also heightened mortality risk. In the fully adjusted model having experienced one or more injuries in the 12 months preceding the baseline survey was significantly associated with mortality (AOR 1.26 [1.01-1.57]). We also tested a range of additional health status indicators including having previously being diagnosed with a range of diseases including various types of cancer, malaria, dengue fever and tuberculosis, but none were found to have associations with mortality risk (data not shown). ** adjusted for sex, age, education, BMI category, smoking status, self-rated health, injury history, drinking status, income and disease history (diabetes, heart disease, high cholesterol, stroke, high blood pressure).
Health Status Indicators
Discussion
This study presents the findings of an 11-year longitudinal investigation into risk factors for mortality in a large nationwide cohort study of Open University students embedded in the general population of Thailand. The trends observed allow us to detect patterns expected to involve the whole population in the near future. With injury and non-communicable diseases now accounting for the largest number of deaths in the country identifying modifiable risk factors is a pressing need. Our analyses have identified higher income, education and female sex as having the strongest protective effects against mortality. In terms of predictors of mortality the strongest effects were found for regular alcohol consumption, heavy smoking and high body mass index.
The outcomes from this study support other global and international literature on risk factors for all-cause mortality. This is particularly the case for alcohol consumption, smoking and prevalent high blood pressure which have been well established as the main global risk factors (World Health Organization, 2009) . One association still debated in the literature is the role of excess BMI in predicting all-cause mortality. Some recent Western studies have suggested that overweight (BMI > 25), but not obese (>30), status may provide some protective effect, while categorical obesity increases risk (Flegal et al., 2013) . However these findings have since been critiqued on methodological and classification grounds by other studies which have found, as has this study, an increased, though modest, risk of mortality is found in both the overweight and obese BMI groups (Di Angelantonio et al., n.d.; Yu, Ley, Manson, & et al., 2017) . Notably in our study increased mortality risk appears at a lower level of BMI (>23) supporting the Asian classification of excess body size beginning at BMI of 23 (Thaikruea, Seetamanotch, & Seetamanotch, 2006) .
Also of interest is the protective effect of urban migration found in our study. Much other literature reporting on low and middle income countries have found increases in sedentary lifestyles, unhealthy diets and environmental risks associated with urbanization leading to increased health and mortality risk (Allender et al., 2010; Low, Lee, & Samy, 2014; Tan, 2011) . However it appears from our results that the benefits of urbanization in terms of increased access to health services and health education may outweigh other less beneficial influences of living in urban areas. There is some possibility also that the particular education profile of our participants may mean they are more easily able to take advantage of the health benefits of urban living. However lower mortality rates in Bangkok at least have been observed in other Thai studies of the general population (Odton, Choonpradub, & Bundhamcharoen, 2010) The identification of higher education as being one of the strongest protective factors against mortality also agrees with much of the extant literature. Particularly in low and middle income countries provision of universal schooling has been found to be one of the strongest drivers of reductions in mortality. Education has been associated with health literacy, health-care seeking behaviour and reductions in health risk behaviours in terms of smoking, alcohol consumption and physical activity. These links between education and reduced mortality have been found to exist independent of individual or national income levels (Baker, Leon, Smith Greenaway, Collins, & Movit, 2011; Kc & Lentzner, 2010) . Although the protective effect of being in the top two income categories was stronger than that of being in the highest education category our study was made up of a group of Open University students, most of whom had at least completed high school. If we had compared our cohort members with the general Thai population, a large proportion of whom have not completed high school, the effects of education may have been stronger.
The risk of mortality associated with previous injury history is also significant but difficult to definitively explain in terms of mechanism. There are several possible explanations. Firstly there are some individuals who are exposed to risk of injury, and other negative health impacts, through patterns of behaviour or through living in a high risk environment. These individuals identified as having high injury frequency prior to baseline may also be at higher risk of subsequent injury mortality. However previous TCS analyses have not found injury history to be a predictor of injury mortality. Instead injury mortality is predicted by other risk taking behaviours such as alcohol consumption and smoking (Yiengprugsawan, Berecki-Gisolf, Bain, et al., 2014) . Another possible explanation is that the impact of injury results in worsening physical and mental health. These impacts may then lead to increased risk of mortality from causes not immediately caused by the injury itself. This concept has some evidence in support, including from other Thai Cohort Study analyses which examined the long term mental and physical health impact of injury . Studies in other settings have also found a long term increased risk of premature mortality after injury, but not caused directly by the injury, with cardiovascular disease being a common cause of death (McMillan & Teasdale, 2007) .
The strengths of this study lie in the size of the cohort, and its diversity with participants residing in communities in all regions of the country and having ages ranging from 15 to 87 in 2005. The cohort members were accurate and cooperative in responding to the questionnaire. As distance learning Open University students they also have special skills for exchanging sophisticated information by mail. This population shares many other important characteristics with the general Thai population including similar modest incomes, ethnicity and religion. Another strength is the comprehensive 20-page baseline questionnaire which collected information on a wide array of social and health characteristics allowing the testing of many risk factors and also allowing the elimination of potential confounders. The study setting in Thailand is also important as the coverage and completeness of death registration there has been found to be amongst the highest in the region with some estimates of up to 95% of deaths being registered (Prasartkul & Vapattanawong, 2006) . This means that we can be confident that all deaths of cohort members are being captured.
We acknowledge some limitations of the study. Despite the large age range of cohort members and similar median age to the general population, the cohort age distribution is younger overall. And cohort members are more highly educated than the general population. Also, all variables except mortality status are self-reported allowing for some amount of measurement error. Several validation studies however have been carried out among cohort members and have shown our measures are sufficiently accurate for height and weight (Lim, Seubsman, & Sleigh, 2009) , diabetes (Papier et al., 2017) , and hypertension (Thawornchaisit, de Looze, Reid, Seubsman, & Sleigh, 2014) indicating reliability of self-report. Analyses have been limited to all-cause mortality for this report. Further research will investigate the causes of mortality in the cohort and will start to establish potential causal pathways between the risk factors identified here and the causes of death. This will be particularly important for developing and testing interventions in response to the findings. Finally, the favoured method for calculating mortality risk in longitudinal studies is to use Cox Proportional Hazard models to calculate Hazard Ratios. For this study we did not collect data on the exact time of beginning of exposure to the risk factor. This means we could not calculate an exact survival time variable for the analysis. However for relatively rare events such as mortality in this cohort Odds Ratios will be close in value to the Hazard Ratios.
Conclusions
The results of this study enhance the evidence base regarding mortality risk in Thailand and provide locally relevant data for Thai health policy response. The current ongoing transition from infectious to non-communicable disease along with substantive socio-demographic change require such local data. Our results identify the need for Thailand to continue and expand its successful tobacco control program as well as to address the increasing rates of alcohol consumption in the country. The identification of education as a strong protective factor against premature mortality is particularly important in the Thai context. Although our cohort members have almost all completed high school, this figure is only around 20% among the general population. This indicates the importance of continued investment in education in order to continue Thailand's reduction in mortality into the future.
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